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Description
BACKGROUND

[0001] 60 gigahertz (GHz) communication technology
provides communication over very short distances. It is
ideal for many short range high bandwidth communica-
tion applications such as in-home high definition (HD)
video and high volume/capacity information storage. 60
GHz communication enables fast wireless peer-to-peer
connectivity and device connectivity. It may also serve
as an alternative or replacement for High Definition Mul-
timedia Interface (HDMI) cables.

SUMMARY OF THE INVENTION

[0002] Accordingto an aspectof the invention, a trans-
ceiver is provided, comprising:

a baseband module configured to transmit a data
signal;

a radio-frequency module configured to transmit the
data signal at an extremely high frequency; and
wherein the baseband module is coupled to the ra-
dio-frequency module by way of a coaxial cable, the
baseband module is configured to transmit a multi-
plexed signal to the radio-frequency module through
the coaxial cable, and the multiplexed signalincludes
a control signal modulated onto a control carrier fre-
quency and the data signal modulated onto an inter-
mediate frequency.

Advantageously, the radio-frequency module is further
configured to:

receive another data signal at the extremely high fre-
quency;

downconvert the other data signal to the intermedi-
ate frequency; and

transmit the other data signal at the intermediate fre-
quency to the baseband module through the coaxial
cable.

Advantageously, the baseband module and the radio fre-
quency module each correspond to separate integrated
circuits.

Advantageously, the extremely high frequency corre-
sponds to 60 gigahertz.

Advantageously, the transceiver includes a plurality of
the radio-frequency modules, and the control signal en-
codes a command to select at least one of the radio-
frequency modules.

Advantageously, the radio-frequency modules are con-
figured to tap off of the coaxial cable.

Advantageously, a first one of the radio-frequency mod-
ules is coupled to the baseband module by way of the
coaxial cable, a second one of the radio-frequency mod-
ules is coupled to the first one of the radio-frequency
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modules by way of another coaxial cable, and the first
one of the radio-frequency modules is configured to cou-
ple the coaxial cable to the other coaxial cable.
Advantageously, the radio-frequency module includes
an antenna array having at least one antenna.
Advantageously, the antenna array includes a plurality
of antennas, and the control signal encodes a command
to select at least one of the antennas.

Advantageously, the baseband module and the radio-
frequency module are unconnected other than by way of
the coaxial cable.

Advantageously, the multiplexed signal includes a direct
current component, and the radio-frequency module is
powered by the direct current component.
Advantageously, the multiplexed signal includes a clock
reference signal at a clock frequency, and the radio-fre-
quency module is configured to use the clock reference
signal to demodulate the control signal.
Advantageously, the control carrier frequency is derived
from the clock frequency.

Advantageously, the intermediate frequency is derived
from the clock frequency.

According to a further aspect, a receiver comprises:

means for receiving a data signal at an extremely
high frequency, the means for receiving further com-
prising:

means for downconverting the data signal to an
intermediate frequency; and

means for transmitting the data signal through
a coaxial cable at the intermediate frequency;

means for controlling the means for receiving by way
of a control signal multiplexed through the coaxial
cable at a control carrier frequency; and

means for decoding the data signal at the interme-
diate frequency to a baseband signal.

Advantageously, the means for receiving the data signal
includes a plurality of integrated circuits, each including
arespective antenna array, and the means for controlling
is further configured to select one of the integrated cir-
cuits.

Advantageously, the means for controlling further com-
prises means for generating a clock reference at a clock
reference frequency on the coaxial cable, the means for
receiving further comprises means for demodulating the
control signal based at leastin parton the clock reference
signal, and the intermediate frequency and the control
signal are derived from the clock reference frequency.
Advantageously, the means for controlling is configured
to encode a command in the control signal for adjusting
an automatic gain control setting in the means for receiv-
ing.

Advantageously, the means for receiving further com-
prises means for adjusting the automatic gain control set-
ting based at least in part on an autonomous finite state
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machine triggered by the control signal over the coaxial
cable.

According to a further aspect, a method is provided, com-
prising the steps of:

obtaining a baseband data signal in a baseband
module;

generating a multiplexed signal in the baseband
module, the multiplexed signal including a clock ref-
erence signal, a control signal, and an intermediate
frequency data signal, the intermediate frequency
data signal being generated from the baseband data
signal;

transmitting the multiplexed signal to at least one
radio-frequency module through a shielded coaxial
cable;

decoding the control signal in the at least one radio-
frequency module to recover at least one command
to control the operation of the at least one radio-fre-
quency module;

upconverting the intermediate frequency data signal
to an extremely high frequency data signal in the at
least one radio-frequency module; and

wirelessly transmitting the extremely high frequency
data signal through an antenna array collocated in
the at least one radio-frequency module.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Many aspects of the present disclosure can be
better understood with reference to the following draw-
ings. The componentsinthe drawings are not necessarily
to scale, emphasis instead being placed upon clearly il-
lustrating the principles of the disclosure. Moreover, in
the drawings, like reference numerals designate corre-
sponding parts throughout the several views.

[0004] FIGS. 1, 2A, and 2B are diagrams of transceiv-
ers according to various embodiments of the present dis-
closure.

[0005] FIG. 3 is a diagram illustrating one example of
a multiplexed signal present on an interface connecting
a baseband module and one or more radio-frequency
(RF) modules of the transceiver according to one em-
bodiment.

[0006] FIG. 4 is block diagram illustrating components
of a baseband module and an RF module of the used in
modulating and demodulating a control signal of the mul-
tiplexed signal in a transceiver according to one embod-
iment.

[0007] FIG. 5is a diagram of one example of a packet
format employed for control data traffic in a transceiver
according to one embodiment.

[0008] FIG. 6is adiagram of one example of a stream-
ing format that may be employed for automatic gain con-
trol (AGC) data traffic in a transceiver according to one
embodiment.

[0009] FIG. 7 is a diagram of one example configura-
tion of an antenna configuration look-up table employed
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to configure an antenna array of an RF module in a trans-
ceiver according to one embodiment.

[0010] FIG. 8 is a diagram of one example of a beam
refinement packet format that may be employed during
a beam refinement operation in a transceiver according
to one embodiment.

[0011] FIG. 9is adiagram of one example of a general
packet format that may be employed in a transceiver ac-
cording to one embodiment.

[0012] FIG. 10 is a flowchart illustrating one example
of operation of a portion of a transceiver according to
various embodiments.

DETAILED DESCRIPTION

[0013] With referenceto FIG. 1, shown is a transceiver
100 according to one embodiment. The transceiver 100,
which implements a split architecture interface, includes
a baseband module 103 and a radio-frequency (RF)
module 106 coupled by way of an interface 109. The RF
module 106 is coupled to an antenna array 112 including
one or more antennas for transmitting and/or receiving
an extremely high frequency RF signal such as, for ex-
ample, a 60 GHz RF signal, a 77 GHz RF signal, 96 GHz
RF signal, and/or other extremely high frequency signals
that necessitate colocation of the RF module 106 with
the antenna array 112. The interface 109 may corre-
spond, for example, to a single, shielded coaxial cable
interface used to transfer the intermediate frequency (IF)
signal, a clock reference, as well as control signals from
the baseband module 103 for controlling the operation
of the RF module 106. Although described as a trans-
ceiver, it is understood that the transceiver 100 may be
used exclusively for receiving or transmitting in some em-
bodiments.

[0014] The antenna array 112 is co-located with the
RF module 106 due to the characteristics of the extremely
high frequency RF signal being transmitted and/or re-
ceived. Line loss at frequencies of 60 GHz and upwards
may be severe, which motivates placing the antenna ar-
ray 112 as close to the RF module 106 as practical. To
this end, the antenna array 112 may be integrated or
collocated with the RF module 106. The RF module 106,
in turn, downconverts the extremely high frequency RF
signal to an IF signal that may be transmitted over a
shielded coaxial cable. Similarly, in a transmit mode, the
RF module 106 may upconvert an IF signal received over
the shielded coaxial cable to the extremely high frequen-
cy signal for transmission. In one embodiment, the RF
module 106 and the baseband module 103 may each be
implemented with respective integrated circuit chipsin a
transceiver device.

[0015] Turning now to FIGS. 2A and 2B, shown is a
transceiver 100 according to other embodiments. In
FIGS. 2A and 2B, the transceiver 100 includes one base-
band module 103 and a plurality of RF modules 106a,
106b ... 106N coupled by way of an interface 109. Each
of the RF modules 106 may be coupled to a respective
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one of a plurality of antenna arrays 112a, 112b ... 112N,
which each includes one or more antennas for transmit-
ting and/or receiving an extremely high frequency (EHF)
RF signal. The plurality of RF modules 106 may be con-
nected to the single baseband module 103, for example,
through a tap-off arrangement from a single cable seg-
ment as shown in FIG. 2A or through a daisy-chain ar-
rangement with multiple cable segments as shown in
FIG. 2B.

[0016] Multiple RF modules 106 may be employed due
to the propagation characteristics of EHF signals. Com-
pared with other RF signals, EHF signals are less likely
to propagate through various materials and reception de-
pends more on a clear line of sight. If only one RF module
106 with an antenna array 112 were used, it may be in
a position that is obscured by an attenuating material.
Accordingly, multiple RF modules 106 may be utilized in
different locations for antenna diversity. Which one, or
ones, of the RF modules 106 is used may depend, for
example, on the location of the far end transceiver 100
with which communication is desired.

[0017] In one exemplary embodiment, the transceiver
100 may correspond to a laptop with an aluminum chas-
sis. A first RF module 106 may be located on one side
of the laptop screen, and a second RF module 106 may
be located on the other side of the laptop screen. When
a far-end transceiver is located behind the screen, one
of the RF modules 106 that is located at the back of the
screen may be used. By contrast, when a far-end trans-
ceiver is located in front of the screen, the other one of
the RF modules 106 that is located at the front of the
screen may be used.

[0018] It may be the case that only one of the RF mod-
ules 106 may be active (i.e., able to receive or transmit)
atany particular time. Thus, when one of the RF modules
106 is active, the other RF modules 106 may be placed
in a standby state. When in the standby state, an RF
module 106 may be configured only to receive com-
mands over the interface 109. Further, when in the stand-
by state, the RF module 106 may be configured to present
sufficiently high impedance to the interface 109 in the 8
GHz region so that a minimum amount of the IF signal
is lost. Selection of a particular one of the RF modules
106 may be supported. In some embodiments, multiple
RF modules 106 may be active simultaneously.

[0019] Various design parameters will next be dis-
cussed. Speed and timing accuracy of the RF signaling
interface between the baseband module 103 and the RF
module 106 may be configured to minimize excess time
of the RF module 106 in an active mode. Itis desired that
the excess time in the active mode is only a small fraction
of the overall power consumption of the transceiver 100.
[0020] The baseband module 103 is able to write to
control and configuration registers of the RF module 106.
In cases where certain registers have different values for
various modes of operation, a register banking structure
may be in place in the RF module 106 so that multiple
registers are not written during mode transition periods.
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[0021] The control of the RF module 106 is configured
such that various turnaround times are met. The turna-
round times may be based on different interframe spac-
ing (IFS) types such as, for example, short interframe
spacing (SIFS), reduced interframe spacing (RIFS), ar-
bitration interframe spacing (AIFS), distributed coordina-
tion function (DCF) interframe spacing (DIFS), and/or
others. In one embodiment, the turnaround times asso-
ciated with the WiGig specification are met.

[0022] FIG. 3 is a diagram illustrating one example of
a multiplexed signal 130 present on the shielded coaxial
cable of the interface 109 according to one embodiment.
The multiplexed signal 130 may include, for example, a
direct current (DC) component, a clock reference signal,
a control signal, and an IF signal. The DC component
may be used to power the RF modules 106 without ad-
ditional power supply connections. The frequency of the
IF signal may be chosen based at least in part on the
properties of the coaxial interface 109. For example,
commonly available shielded coaxial cable may have an
acceptable signal loss around 8 GHz, but the signal may
drop off precipitously after around 8 GHz. Also, it may be
the case that test equipment is more expensive beyond
around 8 GHz. Accordingly, a frequency near 8 GHz may
be chosen as the IF frequency.

[0023] The phase-locked loop (PLL) reference may be
sent from the baseband module 103 to be used as the
bit clock for the interface 109. In one embodiment, the
clock reference signal is 270 MHz, the control signal is
2.64 GHz, and the IF signal is 8.64 GHz. In other em-
bodiments, the control signal may be selected as a mul-
tiple of the reference signal, and the IF signal may be
selected as a multiple of the control signal. As a non-
limiting example, the clock reference signal may be 270
MHz, the control signal may be 2.7 GHz (10 times 270
MHz), and the IF signal may be 8.1 GHz (3 times 2.7
GHz). In one embodiment, the control channel carrier
frequency is 0 Hz. In some cases, the control channel
carrier frequency may be selected so as not to interfere
with either the IF or the RF frequencies. By selecting the
frequencies according to harmonic relationships, inter-
ference among the signals may be minimized.

[0024] FIG. 4 is a block diagram illustrating compo-
nents of the baseband module 103 and the RF module
106 used in modulating and demodulating the control
signal of the multiplexed signal 130 (FIG. 3) according
to one embodiment. In the baseband module 103, a mod-
ulation stage generates amodulated control signal based
at least in part on an internally generated PLL clock ref-
erence. Amplitude-shift keying (ASK) modulation may be
used to modulate the carrier. Amodulation depth of 100%
corresponding to on/off keying may be employed. Alter-
natively, programmable modulation depth may be em-
ployed to accommodate issues resulting due to a very
large change in signal, such as that resulting from volt-
age-controlled oscillator (VCO) pulling and other causes.
[0025] A variable resistor may control the output signal
level of the modulation stage, which is then provided to
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a mixer. A carrier signal from a local oscillator is then
mixed with the modulated signal, thereby shifting the
modulated signal to the desired control RF range. The
resulting signal may be amplified and sent over the co-
axial interface 109 to the RF module 106.

[0026] Inthe RF module 106, the control signal is am-
plified and processed by an envelope detector. The sig-
nal is then processed by a high pass filter and slicer, and
then provided to a demodulation stage. The demodula-
tion stage uses the clock reference from the interface
109 to demodulate the received control signal.

[0027] Several exemplary embodiments for modula-
tion in the RF module 106 will next be discussed. In a
first embodiment, ASK modulation may be employed.
The RF module 106 may generate a carrier suitable for
the control signal for other uses and may thus use min-
imal circuitry to generate its own modulated carrier. The
RF module 106 may then employ the same modulation
and line coding as for the baseband module 103. The RF
module 106 may, for example, employ a controllable
modulation index with a maximum of 100%. The read-
back function for the RF module 106 may not have timing
critical restraints in some cases. Therefore, the data rate
for read-back may be significantly reduced. In one non-
limiting example, the read-back data rate from the RF
module 106 may be 67.5 MHz, which corresponds to a
270 MHz reference signal divided by four.

[0028] If the RF module 106 does notinclude a control
carrier source, the RF voltage control oscillator may be
divided down to generate a source close in frequency to
the control carrier. With amplitude modulation being em-
ployed, carrier frequency synchronization may not be re-
quired. With such an approach, there may be a need to
enable the RF PLL at an appropriate frequency before
read-back may be performed.

[0029] In a second embodiment, carrier offset modu-
lation may be employed. In this embodiment, it may be
assumed that the RF module 106 does not otherwise
include a local carrier source, and the cost for generating
such a carrier may be significant. The RF module 106
may generate an offset double sideband carrier by mixing
the carrier from the baseband module 103 with the clock
reference to generate carriers at the control RF carrier
signal (e.g., 2700 MHz) plus or minus the clock reference
signal (e.g., plus or minus 270 MHz). The generated car-
rier can then be ASK modulated as described in connec-
tion with the baseband module 103.

[0030] In a third embodiment, carrier offset load mod-
ulation may be employed. In this embodiment, it may be
assumed that the RF module 106 does not otherwise
include a local control carrier source, and the cost for
generating such a carrier may be significant. Here, the
modulated signal could be, for example, a 270 MHz Man-
chester coded signal or a double sideband suppressed
carrier signal with carrier at plus or minus 270 MHz mod-
ulated by data at a fraction of the 270 MHz rate. The
composite signal may then be load modulated back to
the baseband module 103. This modulation process may
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be similar to the modulation employed in the 13 MHz
RFID and near field communication (NFC) standards of
modulation.

[0031] Itis noted thatthe load modulation process may
be a tuned operation such that the modulation process
does not affect the main IF signal or the reference signal.
If the main IF signal could be affected, then read-back
may be limited to occur during silent periods when the
main IF carrier is off and the clock reference quality is
not critical.

[0032] Due to delays associated with the transmit and
receive paths of the control interface, there may be a
delay between the clock reference and the transmitted
and received symbols synchronized to the clock. The cir-
cuitry employed may be configured to minimize this delay
or to include delay compensation circuitry within the re-
ceivers such that the received bits are sampled correctly.
Various clock and data recovery (CDR) techniques may
be employed, including PLL, self-correcting phase de-
tectors, transport delay calibration, and/or other tech-
niques.

[0033] Moving on to FIG. 5, shown is one example of
a packet format 150 employed for control data traffic on
the forward link. The packet format 150 includes a pre-
amble field 151, a character delimiter field 153, an ad-
dress field 155, a data field 157, a cyclic redundancy
check (CRC) field 159, and potentially other data. The
preamble field 151 may contain, for example, alternating
1s and Os to provide a direct current (DC) free signal for
DC removal before the character delimiter field 153. In
one embodiment, the last bit of the preamble field 153 is
the inverse of the first bit of the character delimiter field
153. The character delimiter field 153 is a predetermined
bit sequence that marks the start of a byte stream. If
multiple RF modules 106 are coupled to the interface
109, special character delimiters may be used for selec-
tion of RF modules 106.

[0034] The address field 155 may contain one or more
bytes thatindicate a memory mapped address being writ-
ten orread. The data field 157 may include multiple bytes
of written data. In a read operation, the data field 157
may be omitted. For a basic write command, the number
of bytes may be fixed at a predetermined number. The
CRC field 159 includes a standard CRC covering the
address field 155 and the data field 157. In one embod-
iment, the CRC is a 16 bit CRC.

[0035] To simplify the design of the receiver, the sec-
tions of the transmitted packet format 150 other than the
preamble field 151 may be coded using an 8b/10b code
or another coding technique. The character delimiter field
153 may be coded using, for example, K28.5 or K28.1
with two options (running disparity (RD)=-1 or RD=+1)
for an RF module selection from up to four RF modules
106. These two special characters within the 8b/10b code
set may be chosen because they have a unique run of
five bits of the same sign that cannot be found in other
combinations of coded words, as long as the K28.7 spe-
cial character is also not used. In this special usage of
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control words as a character delimiter as well as an RF
module selection, other control codes could be used. This
is because the bits prior to the character delimiter will be
"01" or "10" in this example.

[0036] The probability of a bit error may be rare on the
robust forward link. Accordingly, the baseband module
103 may be configured to verify the integrity of a block
of multiple write transactions by performing a single read
operation. In one embodiment, the RF module 106 in-
cludes a counter that tracks the number of write transac-
tion received, and a counter that tracks the number of
write transactions received with a CRC error or other er-
ror. The baseband module 103 may read these counters
to determine whether all write transactions were received
by the RF module 106 and to determine whether any of
the transactions resulted in an error. A read to the
counters, which may correspond to a single read to a
register, may set the counters back to zero.

[0037] The same packet format 150 may be employed
for the reverse data link. To support multiple RF modules
106 on the same interface 109, the character delimiter
field 153 may be coded using, for example, K28.5 or
K28.1 with two options (running disparity (RD)=-1 or
RD=+1) foran RF module selection. In one embodiment,
the assignment of character delimiter values may be via
selector pins on the chip package of the RF module 106.
[0038] Referring nextto FIG. 6, shown is one example
of a streaming format 160 that may be employed for au-
tomatic gain control (AGC) data traffic on the forward link.
For AGC traffic, a predetermined maximum transaction
time may be employed. For example, 64 symbols or half
of the G128 in the short training field (STF) may be ad-
equate. To comply with the predetermined maximum
transaction time, a shortened packet format or a contin-
uous stream of AGC data may be employed to relay AGC
data.

[0039] A streaming packet format 160 is proposed,
where the RF module 106 is configured foran AGC mode
based upon a packet being received to set the RF module
106 into receive mode. Any follow on transaction from
setting the receive mode may be in a stream mode. In
the stream mode, the next character delimiter field 153
received by the RF module 106 indicates the start of the
stream.

[0040] From the end of the character delimiter field
153, the data received corresponds to codes, for exam-
ple, in 5b/6b format, which is a subset of the 8b/10b cod-
ing. The data corresponds to a plurality of AGC words
161 a, 161 b ... 161 N. The end of the stream may be
indicated, for example, by a series of at least six zeros
or six ones, which is a 5b/6b coding violation 163. Each
AGC word 161 may be coded, for example, as an abso-
lute pointer into a look-up table of the RF module 106 or
as a relative step within the look-up table of the RF mod-
ule 106. Such coding of the AGC words 161 may depend
on the size of the look-up table.

[0041] With reference to FIG. 7, shown is one example
configuration of an antenna configuration look-up table
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170 employed to configure the antenna array 112 of the
RF module 106. The WiGig specification, for example,
defines a maximum of 64 beam configurations for sector-
level sweep and beam refinement. To allow flexibility in
implementation, the antenna configuration look-up table
170 may include sections for beam selection configura-
tions (e.g., 16 configurations), connection-oriented con-
figurations, pseudo-omni configurations, and potentially
other configurations. In one embodiment, an eight-bit
pointer is assigned for antenna configuration, assuming
fewer than 256 configurations.

[0042] In one embodiment, the RF module 106 has 17
antenna paths, which are shared between transmission
and reception. A phase setting (corresponding to "phi" in
FIG. 7) and a single-bit antenna selection setting (corre-
sponding to "Act" in FIG. 7) may be assigned. The an-
tenna selection bit may indicate whether a given antenna
will be active or disabled for the given configuration. In
normal operation, a single register write to the RF module
106 may configure the antenna configuration to be used,
the selection of TX or RX mode, the transmitter gain set-
ting, and/or other configuration settings.

[0043] Innormal packet operation, the baseband mod-
ule 103 will be measuring the received signal strength
during packet reception prior to STF acquisition. The total
gain that is controllable is a combination of gain stages
in the baseband module 103 as well as the RF module
106 gain. Based on the desired gain setting, the base-
band module 103 may have to send a gain setting mes-
sage to the RF module 106. The gain setting message
is configured to be relatively short such that, for example,
1/3 of the 128 symbol long Golay codes used in the STF
are used for the gain change transaction. This translates
into a maximum of 25 ns for the gain change transaction.
[0044] During normal operation, it may be assumed
that after a SIFS or DIFS period, the RF module 106 is
to be configured to either transmit or receive. The control
interface may be configured such that the TX/RX config-
uration can be chosen, the antenna configuration can be
selected, and the transmit gain can be specified all in a
single transaction. The antenna configurations in use for
both normal operation and beam refinement protocol are
stored within the antenna configuration look-up table 170.
Therefore, only the pointer for the look-up table needs to
be sent.

[0045] Moving on to FIG. 8, shown is one example of
a beam refinement packet format 180 that may be em-
ployed during a beam refinement operation. The beam
refinement packetformat 180 may include a short training
field (STF) 181, a channel estimation field (CEF) 183, a
header field 185, a datafield 187, a plurality of AGC fields
189, a plurality of training period-receive/transmit (TRN-
R/T) fields 191, and potentially other data. During the
beam refinement operation, asetof AGC fields 189 within
the beam refinement section of the packet are intended
to be used by the receiver to determine the best gain
control setting for each antenna configuration used in the
beam refinement operation. Each of the AGC fields 189
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may include, for example, four 64-bit Golay codes 193a,
193b, 193c, and 193d.

[0046] Two exemplary approaches may be employed
during the AGC sequence. In the first approach, the op-
timum gain for each antenna configuration may be de-
termined. In this case, the gain is adjusted dynamically
for each antenna configuration. The gain setting is stored
to bereused during the TRN-R/T fields 191. In the second
approach, the gain required to receive the antenna con-
figuration with the maximum signal power is determined.
In this case, the gain is reduced if any part of the AGC
fields 189 goes beyond the desired setting.

[0047] The AGC algorithm may be changed from the
normal packet reception mode, where, for example, a
maximum of three gain steps are employed within the
RF module 106. This is possible because in the TRN-
R/T fields 191, 128 bit Golay signals may be received
and a processing gain of 21 dB allows for a much lower
signal-to-noise ratio at the input to the Golay correlator.
Due to uncertainty across the IF interface, it may be as-
sumed thatfor every section of the AGC field 189 or TRN-
R/T field 191 transmitted, an initial number of bits (e.g.,
64 bits or some other number) may be corrupted due to
the transmission process. Therefore, for the AGC fields
189, if the first approach described is employed, the first
64-bit Golay code 193a of every AGC field 189 could be
corrupted. In the case of the TRN-R/T fields 191, five
128-bit Golay codes may be transmitted. The latter four
may be used for channel estimation. Alternatively, the
middle three 128-bit Golay codes may be used for chan-
nel estimation.

[0048] Duringthe receive beam refinement procedure,
both antenna configuration changes and AGC changes
may be occurring in a very tight sequence. This may place
stringent timing and packet structure configuration re-
quirements on this operation. This is amplified with the
AGC fields 189, where it may be expected that the an-
tenna configuration take less than one 64-bit Golay code
193 signal period. This is equivalent to less than ten bits
of data at a 270 MHz clock rate. This operation may be
under finite state machine (FSM) control, which may be
programmed and triggered over the control channel.
[0049] It may be assumed that calibration timing will
not be as critical as in other cases. It may be that no
special calibration functionality is included in the inter-
face. Therefore, the use of basic register read/write op-
erations can be used for calibration purposes.

[0050] Referring next to FIG. 9, shown is an example
of a general packet format 200 that may be employed for
the control channel of the interface 109. The packet for-
mat 200 includes a high-level data-link control (HDLC)
field 202, a header field 204, a data field 206, and a CRC
field 208. In one non-limiting example, the HDLC field
202 is 7 bits, the header field 204 is 12 bits, and the CRC
field is 10 bits. In one embodiment, the HDLC field 202
may include a delimiter that includes six or some other
number of consecutive ones, followed by a zero. Other
patterns may be employed in other embodiments. An en-
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coder may be used in the transceiver 100 to ensure that
this pattern does not occur, except for the beginning of
a packet or on a packet abort. This allows for operations
of lower importance to be interrupted when operations
of higher importance arise.

[0051] The header field 204 may include several sub-
fields such as, for example, a device number field 210,
a data length field 212, a packet type field 214, a parity
field 216, and/or other fields. In one non-limiting example,
the device number field 210 is 3 bits, the data length field
212 is 4 bits, the packet type field 214 is 3 bits, and the
parity field 216 is 2 bits. The device number field 210 may
include, for example, a device number for an RF module
106 or a broadcast delimiter for programming some or
all RF modules 106 concurrently. The data length field
212 provides a data length which may be used to allow
for multiple consecutive register reads or writes. The
packet type field 214 may be used to indicate different
packet types specified for different operations including,
for example, register read/write access, streaming AGC
mode, low-latency write, and/or other operations. The
parity field 216 may provide protection for the header bits.
[0052] Referring next to FIG. 10, shown is a flowchart
that provides one example of the operation of a portion
ofthe transceiver 100 according to various embodiments.
It is understood that the flowchart of FIG. 10 provides
merely an example of the many different types of func-
tional arrangements that may be employed to implement
the operation of the portion of the transceiver 100 as de-
scribed herein.

[0053] Beginning with box 503, the transceiver 100 ob-
tains a baseband data signal. In box 506, the transceiver
100 generates a multiplexed signal in a baseband mod-
ule 103 (FIG. 1). The multiplexed signal may include, for
example, a direct current component, a clock reference
signal at a clock reference frequency, a control signal at
a control carrier frequency, an intermediate frequency
data signal. The direct current component may be used
for powering the radio-frequency module 106 (FIG. 1).
The control signal may encode one or more commands
for controlling the operation of the radio-frequency mod-
ule 106. The intermediate frequency data signal corre-
sponds to the data signal at an intermediate frequency.
In box 509, the transceiver 100 transmits the multiplexed
signal from the baseband module 103 to the radio-fre-
quency module 106 via a single shielded coaxial cable.
Inbox 512, the transceiver 100 decodes the control signal
in the radio-frequency module 106. In so doing, the trans-
ceiver 100 recovers one or more commands to control
the operation of the radio-frequency module 106. The
commands may adjust an automatic gain control setting,
select one or more antennas in an antenna array 112,
select one or more of multiple radio-frequency modules
106 to be active, and perform other functions. For exam-
ple, a command may trigger an autonomous finite state
machine in the radio-frequency module 106 to adjust an
automatic gain control setting.

[0054] In box 515, the transceiver 100 upconverts the



13 EP 2 544 378 A2 14

intermediate frequency signal to an extremely high fre-
quency signal in the radio-frequency module 106. In box
518, the transceiver 100 wirelessly transmits the ex-
tremely high frequency signal via an antenna array 112
(FIG. 1) collocated in the radio-frequency module 106.
Thereafter, the operation of the portion of the transceiver
100 ends.

[0055] In areceive operation, the transceiver 100 may
perform some of the operations of FIG. 10 in reverse.
That is to say, the RF module 106 may receive an ex-
tremely high frequency data signal and then downconvert
it to an intermediate frequency. The downconverted data
signal may be transmitted on the same coaxial cable to
the baseband module 103. In addition, parameters stored
by the RF module 106 may be read back via the control
signal by the baseband module 103.

[0056] The various systems described herein may be
embodied in dedicated hardware ora combination of soft-
ware/general purpose hardware and dedicated hard-
ware. If embodied in dedicated hardware, each can be
implemented as a circuit or state machine that employs
any one of or a combination of a number of technologies.
These technologies may include, but are not limited to,
discrete logic circuits having logic gates forimplementing
various logic functions upon an application of one or more
data signals, application specific integrated circuits hav-
ing appropriate logic gates, or other components, etc.
Such technologies are generally well known by those
skilled in the art and, consequently, are not described in
detail herein.

[0057] The flowchartof FIG. 10 shows the functionality
and operation of an implementation of portions of the
transceiver 100. If embodied in software, each block may
represent a module, segment, or portion of code that
comprises program instructions to implement the speci-
fied logical function(s). The program instructions may be
embodied in the form of source code that comprises hu-
man-readable statements written in a programming lan-
guage or machine code that comprises numerical instruc-
tions recognizable by a suitable execution system such
as a processor in a computer system or other system.
The machine code may be converted from the source
code, etc. If embodied in hardware, each block may rep-
resent a circuit or a number of interconnected circuits to
implement the specified logical function(s).

[0058] Although the flowchart of FIG. 10 shows a spe-
cific order of execution, it is understood that the order of
execution may differ from that which is depicted. For ex-
ample, the order of execution of two or more blocks may
be scrambled relative to the order shown. Also, two or
more blocks shown in succession in FIG. 10 may be ex-
ecuted concurrently or with partial concurrence. Further,
in some embodiments, one or more of the blocks shown
in FIG. 10 may be skipped or omitted. In addition, any
number of counters, state variables, warning sema-
phores, or messages might be added to the logical flow
described herein, for purposes of enhanced utility, ac-
counting, performance measurement, or providing trou-
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bleshooting aids, etc. It is understood that all such vari-
ations are within the scope of the present disclosure.
[0059] Also, any logic or application described herein
that comprises software or code can be embodied in any
non-transitory computer-readable medium for use by or
in connection with an instruction execution system such
as, for example, a processor in a computer system or
other system. In this sense, the logic may comprise, for
example, statements including instructions and declara-
tions that can be fetched from the computer-readable
medium and executed by the instruction execution sys-
tem. Inthe context of the presentdisclosure, a"computer-
readable medium" can be any medium that can contain,
store, or maintain the logic or application described here-
in for use by or in connection with the instruction execu-
tion system.

[0060] The computer-readable medium can comprise
any one of many physical media such as, for example,
magnetic, optical, or semiconductor media. More specific
examples of a suitable computer-readable medium
would include, but are not limited to, magnetic tapes,
magnetic floppy diskettes, magnetic hard drives, memory
cards, solid-state drives, USB flash drives, or optical
discs. Also, the computer-readable medium may be a
random access memory (RAM) including, for example,
static random access memory (SRAM) and dynamic ran-
dom access memory (DRAM), or magnetic random ac-
cess memory (MRAM). In addition, the computer-read-
able medium may be a read-only memory (ROM), a pro-
grammable read-only memory (PROM), an erasable pro-
grammable read-only memory (EPROM), an electrically
erasable programmable read-only memory (EEPROM),
or other type of memory device.

[0061] It should be emphasized that the above-de-
scribed embodiments of the present disclosure are mere-
ly possible examples of implementations set forth for a
clear understanding of the principles of the disclosure.
Many variations and modifications may be made to the
above-described embodiment(s) without departing sub-
stantially from the spirit and principles of the disclosure.
All such modifications and variations are intended to be
included herein within the scope of this disclosure and
protected by the following claims.

Therefore, at least the following is claimed:

Claims
1. A transceiver, comprising:

a baseband module configured to transmit a da-
ta signal;

aradio-frequency module configured to transmit
the data signal at an extremely high frequency;
and

wherein the baseband module is coupled to the
radio-frequency module by way of a coaxial ca-
ble, the baseband module is configured to trans-
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mit a multiplexed signal to the radio-frequency
module through the coaxial cable, and the mul-
tiplexed signal includes a control signal modu-
lated onto a control carrier frequency and the
data signal modulated onto an intermediate fre-
quency.

The transceiver of claim 1, wherein the radio-fre-
quency module is further configured to:

receive another data signal at the extremely high
frequency;

downconvert the other data signal to the inter-
mediate frequency; and

transmitthe other data signal atthe intermediate
frequency to the baseband module through the
coaxial cable.

The transceiver of claim 1, wherein the baseband
module and the radio frequency module each corre-
spond to separate integrated circuits.

The transceiver of claim 1, wherein the extremely
high frequency corresponds to 60 gigahertz.

The transceiver of claim 1, wherein the transceiver
includes a plurality of the radio-frequency modules,
and the control signal encodes a command to select
at least one of the radio-frequency modules.

The transceiver of claim 1, wherein the radio-fre-
quency modules are configured to tap off of the co-
axial cable.

The transceiver of claim 1, wherein a first one of the
radio-frequency modules is coupled to the baseband
module by way of the coaxial cable, a second one
of the radio-frequency modules is coupled to the first
one of the radio-frequency modules by way of an-
other coaxial cable, and the first one of the radio-
frequency modules is configured to couple the co-
axial cable to the other coaxial cable.

The transceiver of claim 1, wherein the radio-fre-
quency module includes an antenna array having at
least one antenna.

Thetransceiver of claim 8, wherein the antenna array
includes a plurality of antennas, and the control sig-
nal encodes a command to select at least one of the
antennas.

The transceiver of claim 1, wherein the baseband
module and the radio-frequency module are uncon-
nected other than by way of the coaxial cable.

The transceiver of claim 1, wherein the multiplexed
signal includes a direct current component, and the
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12.

13.

14.

15.

radio-frequency module is powered by the direct cur-
rent component.

The transceiver of claim 1, wherein the multiplexed
signal includes a clock reference signal at a clock
frequency, and the radio-frequency module is con-
figured to use the clock reference signal to demod-
ulate the control signal.

The transceiver of claim 12, wherein the control car-
rier frequency is derived from the clock frequency.

A receiver, comprising:

means for receiving a data signal at an extreme-
ly high frequency, the means for receiving fur-
ther comprising:

means for downconverting the data signal
to an intermediate frequency; and

means for transmitting the data signal
through a coaxial cable at the intermediate
frequency;

means for controlling the means for receiving by
way of a control signal multiplexed through the
coaxial cable at a control carrier frequency; and
means for decoding the data signal at the inter-
mediate frequency to a baseband signal.

A method, comprising the steps of:

obtaining a baseband data signal in a baseband
module;

generating a multiplexed signal in the baseband
module, the multiplexed signal including a clock
reference signal, a control signal, and an inter-
mediate frequency data signal, the intermediate
frequency data signal being generated from the
baseband data signal;

transmitting the multiplexed signalto atleastone
radio-frequency module through a shielded co-
axial cable;

decoding the control signal in the at least one
radio-frequency module to recover at least one
command to control the operation of the at least
one radio-frequency module;

upconverting the intermediate frequency data
signal to an extremely high frequency data sig-
nal in the at least one radio-frequency module;
and

wirelessly transmitting the extremely high fre-
quency data signal through an antenna array
collocated in the at least one radio-frequency
module.
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